as histopathological risk factors for late neck recurrence in clinical N0 early oral tongue carcinoma.
Introduction
Late lymph node metastasis and local recurrence are the major cause of decreased survival in patients with clinical N0 early oral tongue carcinoma. Occult lymph node metastases are observed in 20-40% of cases and their successful control contributes to improved survival in patients with this disease [1] [2] [3] [4] [5] [6] . The wait-and-see policy, sentinel node biopsy (SNB), or elective neck dissection (END) are selected for the management of clinical N0, however, the best option has not been determined. Recently, D'Cruz et al. gave priority to END and many authors have advocated the effectiveness of SNB [1, 3, 5, [7] [8] [9] . For more than half of the patients with pathological N0 disease, END is overtreatment and can cause unnecessary complications. On the other hand, some are of the opinion that END should only be recommended for patients with risk factors for late lymph node metastasis.
Although tumor depth, blood vessel invasion, and lymphatic invasion have been claimed to be histopathological risk factors, only tumor depth is used to guide decision making [6, 10] and it is still difficult to precisely identify high risk patients.
We speculated that some microscopically observable histopathological features could be related to the poor prognosis of early oral tongue carcinoma. Tumor budding is defined as the invasion of a single tumor cell or small Abstract In clinical N0 early oral tongue carcinoma, treatment of occult lymph node metastasis is controversial. The purpose of this study was to assess the histopathological risk factors for predicting late lymph node metastasis in early oral tongue carcinoma. We retrospectively reviewed 48 patients with early oral tongue squamous cell carcinoma. Associations between the histopathological factors (depth of tumor, differentiation, blood vessel invasion, lymphatic invasion, and tumor budding) and late lymph metastasis were analyzed. Although the univariate analysis identified blood vessel invasion, lymphatic invasion, and high-grade tumor budding as predictive factors for neck recurrence (p < 0.001), the Cox proportional hazards model identified high-grade tumor budding as an independent predictive factor (p < 0.01). The combination of a tumor depth ≥ 3 mm and high-grade tumor budding yielded high diagnostic accuracy. Tumor depth and budding grade were identified clusters of tumor cells (<5 cells) in the tumor invasive front, and is indicative of one of the objective patterns of tumor invasion. A recent report claimed that tumor budding was a prognostic factor or risk factor for lymph node metastasis for colorectal cancer and other cancer types [11] . The budding number was counted at the highest view at 20 × 10 magnification and taken as the budding score. In Japanese guidelines of colorectal cancer, the budding score was classified into two groups, low (4 or less) or high grade (5 or more). Having high grade was known to be an important risk factor for lymph node metastasis in early colorectal cancer [12] . And budding score ≥ 5 was regarded as a cutoff point for prognostic factor in head and neck squamous cell carcinoma (SCC) [13] [14] [15] [16] . Almangush et al. reported the combination of tumor budding (B) and a tumor depth (D) as a BD model for the prognostication of early oral tongue carcinoma [17] . The correlation between tumor budding and epithelial-mesenchymal transition has also been suggested [14, 18, 19] . As tumor budding was thought to be a microscopic indicator of tumor invasiveness, we focused on this feature for predicting late lymph node metastasis in this study.
In our institution, END is avoided for patients with early oral tongue carcinoma depending on the progress of diagnostic imaging examination and ultrasound imaging, in particular [20] [21] [22] . In this retrospective study, we analyzed the association between late lymph metastasis and histopathological factors including tumor budding, as well as the classical risk factors in patients with clinical N0 early oral tongue carcinoma treated by primary surgery without END.
Materials and Methods
A total of 154 patients were diagnosed with clinical early oral tongue SCC between September 2000 and March 2015 in the Kanagawa Cancer Center. Patients who were diagnosed as carcinoma in situ, recurrence of SCC, and who had received high dose rate brachytherapy or preoperative chemotherapy were excluded from the study. We retrospectively reviewed 48 patients with clinical early oral tongue SCC (cT1/2N0M0) who underwent primary partial glossectomy.
Examinations by computed tomography (CT), magnetic resonance imaging, ultrasonography, and positron emission tomography/CT (since 2004) were performed prior to surgery. All patients underwent excision of the primary tumor with adequate margins (≥10 mm). END and SLB were avoided. Patients were followed once every month for the first year, every 2 months for the second year, and every 3 months thereafter. Examination by ultrasonography or CT was performed once every 1-3 months for the first 2 years. For neck recurrence, minimum-area ND was performed and postoperative radiotherapy (RT) or concurrent chemoradiotherapy (CRT) were recommended for cases at high risk of extracapsular invasion, pN2b, and level IV or V. Overall survival (OS), local control (LC), and regional control (RC) were compared between the stages.
Histopathological risk factors of neck recurrence were analyzed using pathology specimens obtained at the time of the primary surgery. Histopathological review was performed by the author and an experienced pathologist blinded to the patients' course (Y.H. and T.Y.). Tumor depth, differentiation, blood vessel invasion, lymphatic invasion, and tumor budding were analyzed. The resected tissues were fixed with 10% buffered formalin and embedded in paraffin. They were stained with hematoxylin and eosin (HE) and Elastica van Gieson (EvG) for elastic fibers (Fig. 1) . Immunohistochemistry was performed on the formalin-fixed, paraffin-embedded tissues. Tissues were incubated with a prediluted antibody, D2-40 (Roche, Basel, Switzerland,) recognizing podoplanin on lymphatic endothelia ( Fig. 1 ). BenchMark Ultra (Ventana Medical Systems, Tucson, USA) was used for D2-40 staining. Tumor depth was measured from the surface of the tumor to the deepest point of the invasive tumor in HE by automatic analyzer software, NIS Elements (Nikon, Tokyo, Japan) (Fig. 2) . Differentiation was classified according to the WHO grade ( Fig. 1 ). Blood vessel invasion was analyzed in EvG. Lymphatic invasion was immunohistochemically analyzed using D2-40 staining. Tumor budding is defined as the invasion of single tumor cell or small clusters of tumor cells (<5 cells) in the tumor invasive front (Fig. 3) . First, the highest area of the budding number was found at 4 × 10 magnification, and then the budding number was counted at the highest view at 20 × 10 magnification. This number was taken as the budding score. The budding score was classified as low (4 or less) or high grade (5 or more) (Fig. 4) .
OS, LC, and RC were calculated using the Kaplan-Meier method. Risk factors of neck recurrence were analyzed by univariate analysis using differentiation, blood vessel invasion, lymphatic invasion, and budding grade. The Cox proportional hazards model was used to test the risk factors detected by univariate analysis. p-values < 0.05 were considered to be significant. Correlations for each factor were analyzed using the Spearman's rank correlation coefficient. All statistical analysis was performed using IBM SPSS version 23.
Results
Thirty-three (69%) of the 48 study patients were male and 15 were female, with a median age of 61 years (range 34-87 years). The median follow-up was 71 months (range 7-179 months). Thirty-nine (81%) and 9 (19%) of patients were classified with stage I and II disease, respectively. The 5-year OS rate was 93% (Stage I/II 91%/100%), the 5-year LC rate was 87% (Stage I/II 84%/100%) and the 5-year RC was 80% (Stage I/II 78%/89%). There were no significant differences of OS, LC, and RC between Stage I and II. No distant metastasis was found in any of the patients (Fig. 5) .
Neck recurrence was observed in 9 patients within 2 years after the primary surgery. Eight of these patients (89%) had stage I disease. Single and multiple lymph node recurrence were observed in 5 (56%) and 4 (44%) patients, respectively. All lymph node recurrence was observed on the ipsilateral side and unilateral selective ND was performed in 8 patients (89%). Extracapsular spread was observed in half of these patients. Postoperative RT/CRT was performed for 3 patients (33%). Of the 4 patients with multi-lymph recurrence, 1 patient did not undergo postoperative RT/CRT because of previous radiation history (malignant lymphoma) and 1 patient refused postoperative RT. One patient (11%) who underwent definitive CRT without ND later died of the disease (Table 1) .
All neck incidences of recurrence developed in patients with a tumor depth ≥ 3 mm, as shown in Fig. 6 . The logrank test identified blood vessel invasion (p < 0.001), lymphatic invasion (p < 0.001), and high-grade tumor budding (p < 0.001) as histopathological risk factors for neck recurrence ( Fig. 7 ; Table 2 ). The Cox proportional hazards model identified high-grade tumor budding as an independent histopathological risk factor (Table 3 ). An intermediate correlation (r = 0.399) was observed between blood vessel invasion and budding grade, whereas little correlation (r = 0.181) was found between blood vessel invasion and lymphatic invasion.
The combination of a tumor depth ≥ 3 mm and highgrade tumor budding as a risk factor for neck recurrence had a sensitivity of 89%, a specificity of 95%, a positive predictive value (PPV) of 80%, and a negative predictive value (NPV) of 97%, indicating that the high diagnostic value of this histopathological criterion ( Fig. 8; Table 4 ).
Discussion
Reported treatment outcomes of neck recurrence in patients with clinical N0 early oral tongue carcinoma vary. Yuen et al. reported that among 63 patients with early oral tongue cancer, the 33 patients treated with END showed a superior salvage rate of neck recurrence than the 30 patients undergoing a wait-and-see approach (67% vs. 50%) in a retrospective setting, and END treatment increased the disease-free actuarial survival rate (86% vs. 55%) [2, 20] . In contrast, in a 2009 prospective study, Yuen's group reported that there was no significant difference in the salvage rate of neck recurrence or disease-specific survival rate between END and observation among 71 patients with early oral tongue carcinoma as long as RT for high risk patients and routine follow-ups by ultrasonography once every 3 months were performed [20] . A recent randomized controlled study conducted by D'Cruz et al. showed that the END group had higher rate of OS and disease-free survival than did the observation group [1] . In this report, the NPV for the preoperative diagnosis of occult neck disease in the observation group was 55%. This low preoperative NPV might explain the reason for the unfavorable prognosis of the observation group. Thus, the management of occult lymph node metastasis in clinical N0 early oral tongue carcinoma remains controversial.
The importance of tumor depth as a predictor of occult lymph metastasis in oral cavity SCC is specified in the NCCN Clinical Practice Guidelines [10] . The guideline recommends that the appropriateness of END for a tumor depth of 2-4 mm has to be determined by clinical judgment whereas END should be considered for a depth of ≥4 mm. However, D'Cruz et al. reported neck metastases were observed in 5.6 and 16.9% of cases with a tumor depth of 3 and 4 mm, respectively [1] . This finding suggests that indications for END based only on the depth of the primary tumor could result in overtreatment for many of these patients. Huang et al. also reported that 4 mm was the optimal cutoff point for tumor thickness in a meta-analysis. In this study, the combination of a tumor depth ≥ 4 mm and high-grade tumor budding as a risk factor for neck recurrence had a sensitivity of 67%, a specificity of 95%, a PPV of 75%, and a NPV of 93%. The combination of a tumor depth ≥ 3 mm and high-grade tumor budding showed a higher diagnostic value than this result. Therefore, a tumor depth ≥ 3 mm was considered as a suitable cutoff point to evaluate the histopathological tumor depth and budding grade.
As the rate of occult metastasis in early oral tongue carcinoma is 20-40%, routine END can be regarded as overtreatment for many patients and the morbidity of ND cannot be overlooked. There have been some reports that SNB, which is a less invasive method than END, has a high NPV for occult metastasis [5, [7] [8] [9] . The NCCN Clinical Practice Guidelines describe SLB as an alternative to END [10] . As sentinel nodes are identified by lymphoscintigraphy and evaluated intraoperatively, cases with occult disease can undergo additional ND. The shortcomings of SLB include the need for a surgical procedure involving the neck and limits to the number of institutions where SNB is available.
In contrast, the evaluation of histopathological tumor depth and budding grade affords a noninvasive and superior method that can be readily undertaken in many institutions. As for the patterns of invasion of oral cancer, the Jakobsson criteria, Anneroth criteria, Yamamoto-Kohama mode of invasion, and Bryne criteria are all well-known [23] [24] [25] [26] . Diffuse invasion, dissociation of a small number of single cells, and unclear infiltration borders are considered to be prognostic features in those criteria. However, these histopathological characteristics are not numerical, but categorical parameters. On the other hand, budding score is a simple numerical parameter that could be used as an objective indicator representing those categorical parameters and applied smoothly to statistical analysis. BrandweinGensler et al. proposed 5 types of patterns of tumor invasion (POI) and a histologic risk assessment score of LC and OS in early and advanced oral SCC [27] . POI type 4, which includes marked and widespread cellular dissociation in small groups of cells (n < 15) and/or in single cells, and POI type 5, which includes tumor satellites of any size ≥ 1 mm away from main tumor or next closest satellite with intervening normal tissue, were taken as the high risk scores. Heerma et al. also reported POI was an independent prognostic factor in early oral SCC [28] . The specimen that has at least one tumor budding is naturally classified into POI type 4 or 5. Therefore, high-grade tumor budding may be the worst prognostic factor in these high risk types.
In this study, we speculate that no poorly differentiated SCC, according to the WHO grade, was seen due to the small number of enrolled patients. There was no significant difference of regional recurrence between moderately and well differentiated SCC.
In colorectal cancer, tumor budding has already been accepted as an additional prognostic factor [29] and it is recognized as an important risk factor for lymph node metastases in the endoscopic treatment of early colorectal cancer [30] . Tumor budding was also reported as the prognostic factor for lymph node metastasis in other cancers such as esophageal, laryngeal, nasopharyngeal, and skin cancers [31] [32] [33] [34] . In oral cancer, few studies have evaluated tumor budding as a prognostic factor or risk factor for lymph node metastasis, with only three studies reviewing the evaluation of both histopathological depth and tumor budding. Based on a study of 91 patients with oral cancer, Seki et al. suggested that a histopathological tumor depth ≥ 3 mm and a budding score ≥ 3 were associated with lymphatic metastasis, and this cutoff point offered a NPV and sensitivity of 100% with high PPV and specificity [35] . Their study included patients with floor of mouth and advanced cancer, such as T3/4, who received preoperative chemotherapy. Based on a study of 233 patients with early tongue cancer, Almangush et al. indicated that a histopathological tumor depth ≥ 4 mm and a budding score ≥ 5 were associated with poor prognosis [15] . They used the cutoff point of budding score ≥ 5 and a tumor depth ≥ 4 mm for scoring. The high risk score was correlated with loco-regional recurrence and death. The score was introduced as the BD model [17] . Our current study is the first to evaluate histopathological tumor depth and tumor budding as risk factors of late neck metastasis in patients with untreated early oral tongue carcinoma and validated for the BD model. Measurement of the deepest point of tumor invasion is required to evaluate pathological tumor depth and identification of the highest area of budding is required to evaluate budding grade. Accurate evaluation of these features is difficult in preoperative biopsy specimens or intraoperative frozen sections. Seki et al. compared tumor depth and budding score in biopsies with those in resected specimens in 44 patients with untreated oral cancer [35] . A good correlation was observed for budding score, but not for tumor depth. Therefore, it appears that it is difficult to determine preoperatively the need for additional treatment by measuring tumor depth in biopsy specimens.
Tumor budding can be evaluated by routine HE staining and can also be easily detected by keratin immunohistochemistry. However, Okamura et al. claimed that keratin immunohistochemistry was not superior to HE for predicting lymph node metastasis in early colorectal cancer [36] . The optimal method for the evaluation of tumor budding, including the superiority of keratin immunohistochemistry to HE, in early oral tongue carcinoma should be explored in future studies.
In our institution, END was avoided by emphasizing follow-up involving imaging studies. We tried to identify neck recurrence as early as possible by meticulous follow-up imaging examinations and treatment with preservative surgery. Many reports on SNB showed its high NPV of more than 95% for occult neck metastasis [5, 8, 9, 37, 38] , which is higher than the NPV of our preoperative imaging diagnosis (79%). Kovács et al. reported that, the 5-year OS was 83% in 103 patients with T1-2 oral/oropharyngeal cancer who received SNB [7] . The 5-year OS in the current study was not inferior to the Kovács study, suggesting that the follow-up strategy in our institution could have an impact to that of SNB-guided ND strategy on the prognosis of patients. A prospective study on the prognostic significance of more frequent follow-ups by imaging examinations of the neck in patients with histopathological risk factors associated with the primary tumor should be conducted.
Major limitations of this study were that it was a single institution setting and the number of patients was small, so the reproducibility was lacking. Furthermore the associations between the grade of tumor budding and poorly differentiated SCC or distant metastasis should have been evaluated, however, none of the patients had poorly differentiated SCC or distant metastasis in this study. A multicenter large-scale clinical study should be performed to establish the predictive significance of tumor depth and budding for late lymph node metastases in patients with clinical N0 early oral tongue carcinoma. In addition, a prospective study to clarify whether secondary END based on such assessment improves treatment outcomes is also warranted.
Conclusions
Tumor depth and budding grade, as well as a combination of the two, were identified as histopathological risk factors for late neck recurrence in patients with clinical N0 early oral tongue carcinoma treated by primary surgery without END.
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